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ABSTRACT: This study examines the harvest and mean production in relation to the stocking of P. monodon 
fry dw:ing the period between March 1992 and October 1994, at the farm owned by M/s Monugung Sea Food 
Ltd., Cox's Bazar. The analysis shows that production figures were initially up to expectation, but after har-
vesting 4 crops within 16 months, production sharply decreased. The unexpected high mortality of the growing 
stock was due to outbreak of an uncontrollable disease (Vibriosis). Significantly higher variations in produc-
tion, survival and growth were also noted among the different treatments. 
KEYWORDS: Performances of high density shrimp farming. 
INTRODUCTION 
Bangladesh is the 9th most populous country in the world. The' population size is 
large in relation to its natural resources. The situation is being aggravated day by day 
due to political unrest, dependence on foreign aid and also for improper policy decisions. 
The country is predominantly rural and around 80% population earn their livelihood 
from agricultural activities. But due to natural disasters and some other reasons the pro-
duction in agriculture sector can not keep pace with the country's need. In this situation 
aquaculture may be a good alternative. 
Shrimp farming is the most important component of the aquaculture practices of 
Bangladesh. In the recent years shrimp farming has attracted considerable attention not 
only because of its potential as a quaiity food supplier but also as an excellent foreign 
exchange earner. There is a very large area (about 115,000 ha) in the coastal zone devot-
ed to brackish water shrimp farming (Mahmood and Chowdhury, 1989). In Bangladesh 
coastal aquaculture the most desirable species is the tiger shrimp P. monodon, which is 
very common in the Indo-Pacific area (Mohamed, 1970). -It is a more important species 
for cuhure being faster in growth (Kungvankij et al., 1976) and hardy in nature (Liao and 
Huang, 1982), also easily accept the artificial feed (Alava and Lim, 1983). Shrimp farm-
ing has become very popular here and it started to develop in the early seventies. 
Generally there are three kinds of culture system, namely, extensive, semi-intensive and 
intensive(Aquacop, 1985). Most of the shrimp culture farms in Bangladesh are exten-
sive ortraditional type. 
In semi-intensive shrimp farming system the distinctive features are high stocking 
density, use of formulated feed, application of aeration to increase dissolved oxygen, 
intensive water management and high yield. There is no strict optimum stocking density 
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limit of shrimps but its rate must be fixed for a pond depending on the farmer's manage-
ment capability, type of management, cost of input and marketing strategy. 
· The stocking rate of 2-10 and 10-50 individuals/m2 are generally considered ideal 
for the semi-intensive and intensive culture system (Kongkeo, 1990). Hossain et al. 
(1992) observed that production of shrimp vary with the differences in cultured biomass 
even under the same management measures. Semi-intensive culture of P. monodon is 
just beginning in Bangladesh and there is very little information in thls regard. Much 
elevated records in production of P. monodon was first documented here by Islam et al. 
(1990) through semi-intensive system, followed by Chowdhury (1990) in Cox's Bazar 
area. This study makes an in-depth analysis of intensification in the farming system in a 
shrimp farm at Cox's Bazar based on prolonged (three years) observation on. the effects 
of different stocking densities on growth, production and survival of P. monodon in. 
earthern ponds with supplementary feeding. 
MATERIALS AND METHODS 
Experimental Ponds: 
The study was conducted in 6 ponds in 1992-93 and 9 ponds in 1994 having differ-
ent sizes (0.84, 0.93, 0.95, 1.25(4), 1.36 and 1.4 ha) ~wn.ed by M/s Monugung Sea Food 
Ltd., Cox's Bazar. Each pond was provided with independent inlet and outlet PVC pipes 
connected to supply and drainage canals. Nylon screen (1mm-mesh) was fitted with all 
the inlets and outlets to prevent entry· of larvae of predatory species and esc'ape of 
stocked shrimp postlarvae in the ponds. 
Treatments: 
To observe the effects of different stocking densities on growth, production and sur-
vival of P. monodon the following treatments were tested: 
Treatment I: 26 fries/m2 in 6 ponds (6.53 acres) 
Treatment ll: 43 fries/m2 in 6 ponds (6.53 acres) 
Treatment III: 38 fries/m2 in 6 ponds (6.53 acres) 
Treatment IV: 25 fries/m2 in 6 ponds (6.53 acres) 
Treatment V: 16 fires/m2 in 9 ponds (9.56 acres) 
Treatment VI: 20 fries/m2 in 9 ponds (9.56 acres) 
To increase the accuracy of the estimates of the production, six ponds were consid-
ered for the treatments I to IV and nine for the treatments V and VI and was statisticaHy 
arranged into a completely randomized design (CRD). The reason behind the inclusion 
of another three ponds in the treatments V and VI is that, after getting bumper crops in 
previous two years (4 treatments) the owners expected to get same rate of production as 
obtained earlier. Experimental ponds were numbered from 1 to 9 and assigned to differ-
ent treatments using the table of random numbers. 
Pond preparation and fry stocking: 
Water of the ponds was completely dramed 'mt ana auowea to dry in the sun for 10-
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15 days until bottom soil cracked. The main reason for drying is to mineralise the orgnic 
material which builds up during culture operation. This makes more nutrients available 
for plankton growth. A layer of soil (W-15 em) was turned over and sun dried. At start 
of the drying process lime was applied over the wet pond bottom on the basis of 
observed soil pH. After liming pond was fiUed up to 30-40cm level with water, then tea 
seed cake was applied at the rate of 150-200 kg/ha, then left for a week to provide time 
for growth of natural food. Wild postlarvae of P. monodon was stocked in the ponds as 
mentioned earlier for different treatments. 
Culture: 
All the ponds were provided with paddle wheels at a rate of 3/acre. The operating 
hours of the padle wheels were maintained following the instructions of Chiu (1988). Bu.t 
due to some unavoidable circumstances, it was operated 4~7 hours/day from I-14th day 
of stocking and then gradually increased up to 11-22 hours/day considering the increased 
demand of DO of the growing stock. 
. About 30-50% pond water was replaced daily by fresh tidal water. Water depth of 
ponds were maintained at lm for the first 60 days and !.2m afterwards. During the first 
two weeks supplementary feed was not given because the growing juveniles could sus-
tain on natural food. Since the stocking density exceeds the carrying capacity of the 
pond in the semi-intensive farming system, the growing stock can not sustain only on 
natural food of the pond. Thus supplementary feed (pellets) were provided in all the 
ponds. 
The feed requirement of each pond was estimated on the basis of stocked fries. 
Feeding trays were inspected daily to check the consumption status of the feed provided. 
Physico-chemical parameters such as DO, salinity, and pH were maintained during the 
study period. 
Growth rate, survival and production were compared by ANOV A and multiple pair-
wise comparison of production, survival and growth performances of shrimp have been 
discussed by computing the critical difference (i.e.; the least significant difference 
between any two Treatment means) formula: 
CD =·(2SE2/r)ll2 x to.05 
for error degrees of freedom. 
Where, CD = Critical difference; SE = Standard error; 
r = Replication of each treatment. Specific Growth Rate (SGR) in terms of body 
weight was determined from Sedwick's (1979) formula. Survival rate was calculated by 
the following fomulae: 
Average no. of sample/net . 
Total Population= ---------------------------------- x pond area (m2) 
Area of net (m2) 
Where, area of net= 1t r2, r =radius of net. 
Total populati()n 
Survival = ---------------------------------------- x 1 00 
Total no. of shrimp stocked 
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Harvesting: 
After a total rearing period of about four months, ponds were drained out during new· 
moon. A bagnet was placed at the outlet to capture the escaping shrimps, and the remain-
der in the pond was hand picked. 
RESULTS AND DISCUSSION 
Details of stocking, harvesting and other data related to production are summarized 
in Table 1. Comparatively highest rate of production (1992 7kg/Acre) was recorded for 
treatment ll, the mean body weight gain was the highest for treatment IV (25.0 g), fol-
lowed by treatments I, ll and ill (Fig.l). It is apparent from treatment ll that with the 
increase of stocking density the survival rate did not increase accordingly (Fig.l), and a 
comparison of aU the treatments reveals that after having four successive good crops 
(treatments, I-IV) the survival rate and also yields decreased rapidly, but production fig-
ures for aU the ponds were nearer in the first four crops (Table 1). In Table 2, analysis of 
variance (ANOV A) shows that there was a significant difference in the mean production 
at the 5% level among the different treatments. Considering the treatment's mean effect 
in descending order and comparing these differences with the critical difference (CD) 
value it was observed that the combination of treatment pairs I to IV are almost alike and 
the mean differences are not significant. But the ~D value reveals that all the possible 
combination of treatment pairs V and VI with remaining treatments independently differ 
significantly at this level of significance. 
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Fig.l. Showing the stocking density (individuals/m2), survival and mean final weight of 
Penaeus monodon individuals against different treatments and period of culture. 
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Table 1: Summary of mean stocking, survival, growth and production data 
of P. monodon 
Treat- Stocking Dens~y Survival Mean-Weight (g) Daily Total Net Culture 
ments (Individuals/m ) (%) Initial Final wtgain Yield prodn. (Days) 
Initial Final (g) (kg) Kg/Acre 
+SD 
I 26.27 19.20 73.26 0.110 24.50 0.205 1841.83 1721.02 119 
(6) ±232.21 
u 42.58 24.14 56.79 0.105 22.34 0.187 2145.83 1992.7 119 
(6) ±612.27 
m 37.83 23.43 62.33 0.101 20.89 0.185 1432.50 1308.16 U2 
(6) ±62.45 
IV 25.00 17.04 68.17 0.085 25.00 0.254 1859.50 1709.00 97 
(6) ±54.18 
v 15.89 6.49 39.57 0.095 04.78 0.084 109.50. 128.64 49 
(9) ±1.20 
VI 19.89 4.18 20.35 0.068 06.23 0.103 152.22 118.7 60 
(9) ±146.18 
Mean 27.91 15.74 53.41 0.094 17.29 0.1696 1256.90 063.04 92.67 
SD 10.83 08.51 19.93 0.015 09.25 0.0640 901.46 834.20 30.83 
Note: SO-Standard deviation 
Numerals in parenthesis are the number of ponds. 
Table 2: Analysis of variance (ANOV A) for net production of P. monodon. 
Sources of Degrees of Sum of Mean Variance Critical 
Variation Freedom Squares Squares Ratio Difference 
"F" (CD) 
Treatments 5 25888736.16 5177747.23 
Error 36 4912671.29 136463.09 37.94* 418.02 
Total 41 30801407.45 
*Highly significant at 5% level. 
Table 3: Analysis of variance (ANOV A) and Critical Difference for growth perfor-
mance of P. monodon 
Source of Degrees of Sum of Mean Variance Critical 
Variation Freedom Squares Squares Ratio Difference 
"F" (CD) 
Treatments 5 3355.5 671.10 
Error 36 558.36 15.51 44.71* 4.36 
Total 41 3913.86 
*Highly significant at 5% level. 
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Table 4: Analysis of variance (ANOV A) and Critical Difference (CD) for survival of 
P. monodon. 
Source of Degrees of Sum of Mean Variance Critical 
Variation Freedom Squares Squares Ratio Difference 
"F" (CD) 
Treatments 5 15075.99 3015.20 
Error 34 7297.33 214.63 14.04* 16.57 
Total 39 22373.32 
*Highly significant at 5% level. 
Table 5: Ranges of physico chemical parameters of pond water during the culture 
period (1992-1994). 
Treatments Temperature Salinity Dissolved Oxygen pH 
(Period) (OC) (ppt) (ppm) 
I (Mar-June) 18-27.5 24-29.2 4.1-7~2 8.0-8.5 
II (Aug-Nov.) 25-33 11-30.0 6.5~13 8.0-8.5 
III (Mar-June) 18-27 24-29.5 7.0-13 7.5-8.5 
IV (Aug-Nov.) 24-32 26-30.0 8.0-9.8 7.1-8.5 
V .(Mar-April) 23-35 21-25.2 6.2-7.2 8.2-8.7 
VI (Sept-Oct.) 28-34 9-20.0 6.0-8.5 7-8.7.0 
Table 6: Amount of supplementary feed used along with food conversion ratio 
(FCR) values in different treatments. 
Treatments Amount of feed 
used (kgs) 
I 3190 
II 4877 
III 2855 
IV 2941 
v 169 
VI 407 
Mean 2404.50 
SD 1800.47 
FCR 
!found 
1.74 
2.14 
1.99 
1.73 
2.20 
8.83 
3.10 
2.81 
FCR, as mentioned 
by manufacturer 
1.6 
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The growth perfonnances of the shrimp in different treatments is highly significant 
at 5% level (Table 3). Arranging the mean weight in order-of magnitude and comparing 
pairwise differences with the critical difference (CD) it shows that aU possible combina-
tion of treatment pairs among treatments I to IV are not significant. The mean differences 
of weight in treatments V and VI with remaining combination of treatment pairs are sig-
nificant at 5% level. 
In table 4, analysis of variance shows that the variations of survival rate among the 
treatments are highly significant. In the light of CD value it reveals that treatment I to IV 
are effective and the combinations of treatment pairs I to IV are alike but treatments V 
and VI are worst and differ significantly from each of the treatments I to IV. Duncan 
Multiple Range Test and Z test also showed the similar results. The unexpected high 
mortality rates of the growing stock in these experiments were due to sudden outbreak of 
Vibriosis (Islam, 1994) which caused significant variations in production. 
Table 5 presents the ranges of temperature, salinity, dissolved oxygen and pH of the 
pond water during culture period, which were dose to ideal ranges of salinity (10-25 
ppt), temperature (25-30°C) and pH (7.5-8.5) for growth of P. monodon (Boyd, 1989). 
Cawthorn et al. (1983) mentioned that high mortality and poor growth was obvious if the 
salinity was lower than l Oppt. In this study, maximum yield was recorded in salinity 
range of 11-30 ppt which is consistent with the result obtained by others (Boyd, 1989). 
Table 6, represents the amount of supplementary feeds used during different treat-
ments -for the growing stocks in the culture ponds. The yield as wen as FCR values 
found for four earlier experiments (i.e.; treatments, I-IV) were closer to FCR value men-
tioned by the manufacturer (M/s. Saudi-Bangla Fish Feed), but during later experiments 
(V-VI), growing juveniles of shrimp had to be harvested suddenly following disease out-
break (Vibriosis) which is responsible for abnonnal yields and also FCRs. 
Tables l to 4 present the results of different treatments (I-VI) with fair details, and it 
is clear (Fig.1) that with the existing manageent measures of the farm an initial stocking 
density around 25 individuals/m2 is probably ideal for having good crops as those for 
treatments I and IV. Although stocking density was much increased in the second exper-
iment, the yield (i.e. individual weight gain) did not increase appreciably, rather a declin-
ing trend is evident as those for the 2nd and 3rd treatments. The 5th and 6th attempts 
had to be wound up for sudden occurrence of disease (Vibriosis) and mass mortality. 
Following this unwanted and unprecedented event shinnp biomass of the ponds had to be 
harvested quickly (at juvenile stage) in order to avoid total loss. Intensification attempts 
of the culture system is probably accompanied with this type of diasters which has been 
reported from a number of Asian countries where shrimp culture industry is undergoing 
rapid development, but successful production is increasingly hampered by many factors, 
including environmental pollution, poor management and disease outbreaks. Of the 
infectious diseases, bacterial and viral infections, either as a single or multiple pathogen 
conditions, were found to cause most of the production losses (Turnbull et al. 1994, 
Chanratchakool et al., 1995, Anonymous, 1995). 
The analysis of performances of intensification in the farming system under this 
investigation shows that production as well as survival and growth was not unifonnly 
distributed in aU the crops. Although the mean survival rate was relatively high (65%) in 
the first four crops, it reveals a much lower rate (54%) when all are considered together. 
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Hossain et al., (1992) in a similar study in Manila noted a high survival rate (95%) but 
stocking density in their experiment was sufficiently lower. 
Thus, results of this survey suggest that under the same management measures cul-
ture of shirmp in ponds in high density (semi-intensive or intensive) should yield good 
crops for a certain period of time at the initial stage (e.g., yields of first four treatments in 
this case), then production falls probably as a result of slow but gradual deterioration of 
hydrographic regime (ecology) of the pond, even causing disease outbreak. This aspect 
may be a good subject of further research leading to adoption of innovative managment 
measures to have good yields from the aquaculture ponds. 
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